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ABSTRACT
Purpose: Preoperative imaging evaluation may be useful for determining the position of recti abdominis muscles before
their correction. The purpose of this study is to evaluate the accuracy of ultrasonography to measure the width of rectus
abdominis muscle diastasis. Methods: Rectus diastasis was measured by ultrasonography preoperatively in 20 females.
Rectus diastasis was measured in seven levels along the anterior rectus sheath by ultrasound after sustained deep inspiration
and after expiration. Rectus diastasis, at the same levels, was also measured after its exposition during abdominoplasty
by two independent observers, using a surgical compass. These values were compared using Wilcoxon’s statistical text,
for non independent values. Results: There was no significant difference between the values obtained by ultrasound and
those measured during surgery in the supra-umbilical levels and at the level of the umbilicus. However, below the
umbilicus these values differed significantly, showing smaller values in the imaging evaluation. Conclusion:
Ultrasonography is an accurate method to measure rectus diastasis above the umbilicus and at the umbilical level.
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RESUMO
Objetivo: Estudos radiológicos pré-operatórios podem ser úteis para determinar a posição dos músculos retos do abdome
antes de sua correção. O objetivo deste estudo é avaliar a acurácia da ultra-sonografia para medir a largura da diástase
dos músculos retos do abdome. Métodos: A diástase dos músculos retos foi medida pela ultra-sonografia, no pré-operatório
em 20 mulheres. A diástase dos retos foi medida em sete níveis da bainha anterior dos retos foram examinados com ultra-
som após inspiração profunda sustentada e após expiração. A diástase dos retos, nos mesmos níveis, foi também medida
após sua exposição durante a abdominoplastia, por dois observadores independentes, usando compasso cirúrgico. As
medidas foram comparadas usando o teste estatístico de Wilcoxon para dados não independentes. Resultados: Não
houve diferença significante entre as medidas ultra-sonográficas e intra-operatórias nos níveis supra-umbilicais e na
cicatriz umbilical. Todavia, inferiormente à cicatriz umbilical, essas medidas diferiram significantemente sendo as ultra-
sonográficas menores nestes pontos. Conclusão: A ultra-sonografia é um método acurado para medir a diástase de retos
na região supra- umbilical e no nível do umbigo.
Descritores: Parede Abdominal. Músculos Abdominais. Ultra-sonografia. Diagnóstico por Imagem. Cirurgia Plástica.
Reto do Abdome.
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Introduction
Rectus diastasis is one of the anatomic conditions
that may lead to the anterior projection the abdominal
wall. Functional problems, such as back pain and hernia,
may also occur due to this condition1,2. As the recti
muscles are superficially positioned, in most cases, rectus
diastasis is easily evaluated, and a correct diagnosis can
be done based on the medical history and physical
examination. However, when the subcutaneous fat is
thick and when there is a large abdominal laxity,
palpation of the diastasis may be difficult. This condition
associated with a wide rectus diastasis, increases the risk
of abdominal wall perforation when liposuction is
performed. Therefore, in such cases, imaging of the
muscles of the anterior abdominal wall may be indicated.
Historically, Birdsell3 and Netscher4 utilized metal
markers and serial radiographies to verify rectus diastasis
correction. Nowadays, computed tomography is
considered the method of choice to examine the
abdominal wall, but it is expensive and also exposes the
patient to radiation risks5-8. Ultrasonography has been
proposed as a non invasive technique that may be
repeated several times. It is used for the diagnosis of
hernias, quantification of intra-abdominal fat and to
diagnose abdominal wall relaxation9-11. Ultrasound has
also been used to access long term durability of rectus
sheath repair11. On the other hand, a correct evaluation
depends on the examiner training, the quality of the
image may be harmed by interposed fat and fibrosis and
ultrasound has a small field of view as compared to
computed tomography or magnetic resonance imaging.
The present blinded study aimed to evaluate the accuracy
of ultrasonography to measure the width of rectus
abdominis muscle diastasis.
Methods
Twenty consecutive patients, who presented
abdominal wall deformity, were evaluated at University
Hospital Samuel Libânio, from July 2005 to February
2006. Nineteen of the twenty patients have had a
previous cesarean section. All of these patients
underwent both a preoperative ultrasonography of their
anterior rectus abdominis sheath to evaluate the width
of rectus diastasis and an intraoperative surgical
measurement of the diastasis. Seven measurements
points were established: 3, 6, 9 and 12 cm above the
superior margin of the umbilicus, 2 and 4 cm below its
inferior margin and also at the umbilical level. The
ultrasonographic evaluation was done in all patients
using the same device (Medson Sonoace 8000, Korea,
high frequency transducer) by a ultrasonographist, in
situations of sustained maximum inspiration and
expiration. Intraoperative measurements were obtained
by 2 independent observers, with a surgical compass.
The average between the inspiratory and expiratory
measurements of rectus diastasis obtained by ultrasound
evaluation was used to compare with intra-operative
values. Abdominoplasty was performed under epidural
anesthesia through a suprapubic incision, extended
laterally to both anterior iliac crests. The abdominal
cutaneous flap was dissected from the aponeurosis. The
superior limits of the dissection were the costal margins
and a level 2 cm above the xyphoid appendix. The
midline was marked with blue ink, as were the levels of
the diastasis studied. The widths of rectus diastasis were
measured by both the surgeon and by the assistant, in a
blinded fashion (Figure 1). The values obtained by the
two observers were compared using Wilcoxon’s text.
Rectus abdominis diastasis was then corrected by
plication of the anterior rectus aponeurosis, with
polipropylene, in a two layers fashion: the first layer with
triangular mattress sutures with interrupted buried
stitches (0.4 cm from each other) and a second layer with
a continuous suture. Excess tissue was ressected and the
circumcised umbilical stalk was pulled through the flap.
Quilting sutures were done attaching the abdominal flap
to the aponeurosis13. The patients were allowed to walk
24 hours after the operation and were discharged at the
second postoperative day. The average between the
inspiratory and expiratory measurements of rectus
diastasis obtained by the ultrasound evaluation were
compared to the average of intraoperative values using
Wilcoxon‘s test.
FIGURE 1 - Intraoperative measurement
Results
There was no statistical significant difference when
the values of rectus diastase measured by the surgeon
and by the assistant using the surgical compass (Table
1). There was no statistical significant difference when
the average values of rectus diastase obtained by
ultrasound were compared to the intra-operative values
at the supra umbilical (Figure 2) and umbilical levels;
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however, significantly higher values were found during
surgery in the infra-umbilical levels (Figure 3).
TABLE 1 - Average of values of rectus diastasis, according to the level studied, having the
umbilicus as reference, by 2 independent observers using the surgical compass
Level (cm) IO Surgeon IO Assistant Wilcoxon’s
(mm) (mm) test z   P
S-U 9 15,2 13,8 1,35 0,08
S-U 6 19,9 19,9 0,33 0,37
S-U 3 23,5 24,6 0,78 0,21
Umbilicus 25,8 26,8 1,24 0,40
I-U 2 17,5 16,5 0,78 0,21
I-U 4 13,7 12,1 1,18 0,11
IO Surgeon = intraoperative values measured by the surgeon
IO Assistant =intraoperative values measured by the assistant
S-U = supra-umbilical
I-U= infra-umbilical
TABLE 2 - Average values for rectus diastasis, according to the level studied, having the umbilicus
as reference
Level (cm) US average IO average Wilcoxon
(mm) (mm) text z    P
S-U 12   8,8   9,9 0,40 0,3446
S-U 9 14,8 14,4 0,11 0,2946
S-U 6 18,5 20,0 1,13 0,1292
S-U 3 23,9 24,5 0,54 0,4562
Umbilicus 26,7 26,1 0,52 0,3015
I-U 2 11,6 17,0 2,80* 0,0029
I-U 4   7,4 12,9 2,92 * 0,0018
US = ultrasonographic
IO = intraoperative
S-U = supra-umbilical
I-U= infra-umbilical
* Statistically significant values
FIGURE 2 - Ultrasonographic image at supra umbilical
level, showing a good visualization of rectus
sheath which is highly echogenic as
compared to the mainly hipoechoic muscle.
The cursor shows the medial limit of recti
abdominis muscles.
FIGURE 3 - Ultrasonographic image at infra-umbilical
level, showing the loss of definition of the
posterior layer of recti muscles. Therefore,
it is difficult to measure recti diastasis.
The values can be seen in Table 2.
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Discussion
Correction of rectus abdominis diastasis has been
done since the original description of abdominoplasty14.
In most cases, rectus diastasis occurs after pregnancy or
major weight loss. Correction is achieved by plication
of the anterior rectus sheath. In some cases, these muscles
may present abnormal insertions in the costal margins,
making it necessary to open the rectus sheath, to
undermining the rectus muscles and to suture them in
the midline for its correction15,16. Therefore, pre-operative
diagnosis of this deformity may be necessary.
Determination of the abdominal wall integrity is also
important before an abdominal lipoaspiration, because
intestinal perforations may occur in the presence of
undiagnosed preoperative defects17. These defects are
usually located in the area between the umbilicus and
the xyphoid. Computerized tomography is a good method
to determine the position of rectus muscles, but it is
expensive and exposes patients to radiation.
Ultrasonography is a simpler and less expensive
alternative to measure rectus diastasis. It enables
maneuvers such as increasing the intra-abdominal
pressure and changing the patient’s position, what can
be helpful in the detection of hernias. It is a dynamic
exam that depends on the examiner’s skill. Nevertheless,
subcutaneous interposition and fibrosis may interfere in
the precision of ultrasonographic imaging. The small
field of view in conventional ultrasonography, which is
limited to the width of the transducer (in general about
4 to 6 cm) may decrease the exam accuracy.
Sophisticated technologies were developed to minimize
ultrasonographic limitations, but they aren’t always
available.   One example of these sophisticated
technologies is the extended field of view
ultrasonography on which computer softerwares are used
to combine the obtained images. Another example is the
use of echoes filters, which produce tissue harmonic
imaging. By using a Gaussian shaped transmitted pulse
it is possible to separate from the returning echo the
harmonic component without overlapping with
fundamental reflections. The improved image quality
leads to higher diagnostic confidence 18,19.  These
technologies can be used simultaneously. Every patient
studied had a previous pregnancy and most of them have
had a c-section. Therefore, this is a representative group
of typical patients that undergo abdominoplasty. The
exams were done along the whole length of the rectus
muscle and were registered at regular intervals. The
average between the widths of diastasis during
inspiration and expiration in ultrasound evaluation was
used to achieve a neutral position. This neutral position
simulates the intra-operative position of the recti muscles
when the patient is under epidural anesthesia. The values
obtained during surgery were taken by two independent
observers. As the muscle’s position is evaluated through
the rectus sheath, the observers could have measured
the diastasis differently. This can happen in patients that
present thin muscles covered by a thick aponeurosis. In
such patients, differences in the intra-operative
measurement may occur because it may be difficult to
identify the medial margins of the recti muscles.
However, there was no statistical significant difference
between the two observator’s values in this study, and
the average of these values was used. It is possible that
the differences between intraoperative and
ultrasonographics measures below the umbilicus
occurred due to the presence of fibrosis resulting from
previous cesarean section, since 19 out of the 20 patients
had been previously undergone this procedure. Only one
study found a small difference between the intra-
operative measurement measures and the values obtained
using CT-scan 20. More studies are necessary to show if
the difference bellow umbilicus was due to examiner
technical difficulty or due to the imaging method used.
If it is the second case, it is necessary to find out if the
fibrosis is more deleterious to the precision of
ultrasonography or CT-scan in diagnosing the position
of the muscles of the abdominal wall. In conclusion, the
ultrasound is a reliable method to evaluate rectus
diastasis at the umbilical and at the supraumbilical areas.
Conclusion
Ultrasonography is an accurate method to measure
rectus diastasis above the umbilicus and at the umbilical
level.
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